J 

i 


93-23160 


!\iSN  7540-01 -280-5500  Srardard  form  298  ;=*ev  -9' 


-’'•'VI/  by  -iNS*  Std  /39-  -i 
2')*  "l  2 


DISCLAIM  NOTICE 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


1)710  QUalitv  inspected 

NATIONAL  ACADEMY  OF  SCIENCES— NATIONAL  RESEARCH  COUNCIL 

COMMISSION  ON  PHYSICAL  SCIENCES,  MATHEMATICS,  AND  APPLICATIONS 

Board  on  Physics  and  Astronomy 
Solid  State  Sciences  Committee 

FINAL  REPORT 

to  the 

Air  Force  Office  of  Scientific  Research 
on  the 

1993  SOLID  STATE  SCIENCES  COMMITTEE  FORUM 

Activities  for  August  i,  1992  to  July  31,  1993 
Grant  No.  F49620-92-J-0455 

August  1993 


SUMMARY 

The  1993  SSSC  Forum  was  conducted  under  the  auspices  of  the  Board  on  Physics  and  Astronomy's  Solid 
State  Sciences  Committee  (SSSC)  and  cosponsored  with  the  National  Materials  Advisory  Board 
(NMAB),  and  the  Washington  Materials  Forum.  The  theme  of  the  Forum,  the  product  of  a  year-long 
planning  effort,  was  the  Advanced  Materials  and  Processing  Program  and  the  Restructuring  of  Materials 
Science  and  Technology  in  the  United  States.  It  successfully  brought  together  experts  and  policy  makers 
in  the  fields  of  solid  state  science  and  materials  science  and  engineering  to  discuss  the  impact  of  the 
AMPP  on  the  field  and  issues  pertinent  to  the  field.  Support  for  the  Forum  was  provided  by  the  Air 
Force  Office  of  Scientific  Research  (AFOSR),  the  Department  of  Energy  (DOE),  and  the  National 
Science  Foundation  (NSF). 

ORIGIN  AND  BACKGROUND 

The  Solid  State  Sciences  Committee  (see  attached  roster)  has  a  long  history  of  annual  forums  spanning 
more  than  a  decade.  The  1985  Spring  Forum  was  jointly  sponsored  by  the  SSSC  and  the  National 
Materials  Advisory  Board.  It  was  at  this  Forum  that  a  consensus  developed  that  a  new  assessment  of  the 
field  of  materials  science  and  engineering  would  be  useful  and  timely.  As  a  result,  a  Committee  on 
Materials  Science  and  Engineering  w  as  formed  under  the  joint  auspices  of  the  SSSC  and  the  NMAB. 

The  Committee's  report.  Materials  Science  and  Engineering  for  the  I990's,  was  featured  at  the  1989 
Forum.  The  intervening  forums  focused  on  the  progress  of  the  study  in  addition  to  specific  areas  of  the 
study  which  were  of  particular  interest  to  the  community.  Topics  treated  at  those  forums  included  the 
following:  research  opportunities  in  the  field  of  materials  science  and  engineering,  materials  science  and 
engineering  for  the  year  2000,  and  superconductivity.  The  focus  of  the  1991  Forum  was  the  federal 
response  to  the  report  A  National  Agenda  in  Materials  Science  and  Engineering:  Implementing  the 
MS&E  Report.  That  report  was  the  culminating  activity  of  the  regional  meeting  process  that  was 
initiated,  at  the  request  of  the  Office  of  Science  and  Technology  policy  (OSTP),  to  follow  up  the  MSE 
study.  The  1993  Forum  addressed  both  the  impact  of  AMPP  on  materials  science  and  challenges  for 
materials  in  the  2 1  st  century. 
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The  forum  process  was  originally  designed  to  bring  together  the  scientific  community  and  the 
policy  makers  in  Washington,  DC.  At  these  forums,  policy  makers  are  asked  to  address  a  general  theme 
and  to  respond  to  discussion  and  to  questions  from  the  audience.  Additionally,  there  is  usually  a 
scientific  or  technical  theme  on  which  talks  are  presented.  Invitees  to  these  forums  include  members  of 
the  NMAB,  past  and  current  members  of  the  Board  on  Physics  and  Astronomy  and  its  committees  and 
panels,  heads  of  materials  science  and  engineering  departments,  and  liaisons  from  materials-related 
societies. 


HIGHLIGHTS  OF  THE  1993  FORUM 

The  1993  SSSC  Forum  was  convened  on  Tuesday  and  Wednesday,  May  4-5,  1993  by  David  Litster, 
Chair  of  the  Solid  State  Sciences  Committee.  The  Forum  was  divided  into  five  sessions.  (See  attached 
agenda.) 

The  first  session  of  the  Forum  included  a  keynote  address  by  Senator  Jeff  Bingaman  (D-NM). 

He  discussed  the  evolution  of  a  technology  policy  in  the  United  States  and  outlined  challenges  for  the 
coming  years  in  implementing  and  building  on  government-industry  partnership  programs.  The 
perspective  on  AMPP  from  representatives  of  the  federal  agencies  was  provided  in  the  second  session. 
The  third  session  of  the  Forum  focused  on  the  integration  of  science,  engineering,  and  societal  needs  in 
materials.  Talks  were  presented  by  A1  Narath  (Sandia),  Donald  Kash  (George  Mason  University),  and 
Craig  Fields  (MCC).  The  final  two  sessions  of  the  Forum  addressed  challenges  for  materials  in  the  21st 
century.  Speakers  were  from  leading  companies  in  a  broad  range  of  materials-related  industries  as  well 
as  national  labs  and  universities.  Issues  included  not  only  technical  challenges,  but  also  challenges  for 
new  forms  of  partnerships  and  education. 

STATUS  OF  THE  PROJECT 

A  transcription  of  Senator  Bingaman's  keynote  address  was  published  in  the  June  1993  issue  of  the  BP  A 
News.  (A  copy  of  the  excerpt  is  attached.)  The  SSSC  is  currently  planning  the  next  Forum  as  a  followup 
to  the  1993  Forum  and  the  FY93  AMPP  Initiative.  A  more  detailed  accounting  of  the  1993  Forum 
proceedings  will  be  prepared  to  distribute  prior  to  the  next  Forum.  [The  proceedings  have  been 
transcribed  and  are  scheduled  for  completion  during  the  Winter  1993.]  The  reports  resulting  from  this 
effort  will  be  prepared  in  sufficient  quantity  to  ensure  their  distribution  to  the  sponsors,  to  committee 
members,  and  to  other  relevant  parties  in  accordance  with  Academy  policy.  Proceedings  will  also  be 
made  available  to  the  public  without  restriction  The  support  of  AFOSR  will  be  acknowledged  in  the 
published  proceedings. 


Attachments 

( 1 )  Roster  of  the  Solid  State  Sciences  Committee 

(2)  Agenda  of  the  1993  SSSC  Forum 

(3)  Excerpt  from  June  1993  issue  of  BP  A  News 
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Terms  expire  on  June  30  of  year  indicated. 


NAE  Julia  Weertman  (Chair)  1995 

Department  of  Materials  Science  and  Engineering 

Northwestern  University 

2145  Sheridan  Road 

Evanston,  IL  60208-3108 

(708)  491-5353,  3537 

Fax:  (708)467-6573 

Email:  weertman@ccmatsci.ms.nwu.edu 

Paul  A.  Fleury  (Vice  Chair)  1995 
Vice  President 

Research  and  Exploratory  Technology 
Sandia  National  Laboratories 
Organization  1000 
Albuquerque,  NM  87185-5800 
(505)  844-4553 
Fax:  (505)844-5716 
Email:  pfleury@sandia.gov 

J.  David  Litster  (Past  Chair)  1 995 
Vice  President  for  Research,  Room  3-240 
Massachusetts  Institute  of  Technology 
Cambridge,  MA  02139 
(617)253-6801 
Fax:  (617)253-8388 

Email:  litster@vpr.mit.edu  or  litster@mitfbnml 
Neil  Ashcroft  1996 

Laboratory  of  Atomic  and  Solid  State  Physics 
Cornell  University 
Clark  Hall 

Ithaca,  NY  14853-2051 
(607)  255-8613 
Fax:  (607)255-6428 
Email  ash@helios.tD.corneU.edu  or 
ash@cmlassp.bitnet 

NAE  Howard  K.  Bimbaum  1994 
Materials  Research  Laboratory 
University  of  Illinois 
104  South  Goodwin  Ave. 

Urbana,  IL  61801 
(217)333-1370 
Fax:  (217)244-2278 


Y.  Austin  Chang  1 996 

Dept,  of  Materials  Science  and  Engineering 

University  of  Wisconsin,  Madison 

1509  University  Avenue 

Madison,  W1  53706 

(608)  262-0389 

Fax.  (608)262-8353 

Email:  chang@coefac.engr.wisc.edu 

NAS  Francis  J.  DiSalvo  1994 
Baker  Laboratory 
Department  of  Chemistry 
Cornell  University 
Ithaca,  NY  14853 
(607)  255-7238 
Fax:  (607)255-4137 

Paul  Horn  1994 
Director  of  Silicon  Technology 
IBM  Research  Division 
T.J.  Watson  Research  Center 
P.O.  Box  218 

Yorktown  Heights,  NY  10598 
(914)945-2445 
Fax:  (914)945-4014 
Email:  pmhom@yktvmv 

NAE  Charles  McMahon  1996  (pending) 
Department  of  Materials  Science 
and  Engineering 
University  of  Pennsylvania 
323 1  Walnut  Street 
Philadelphia,  PA  19104-6272 
(215)898-8337 
Fax:  (215)573-2128 

Geraldine  L.  Richmond  1994 
Professor  of  Chemistry 
Department  of  Chemistry 
University  of  Oregon 
Eugene,  OR  97403 
(503)  346-4635 
Fax:  (503)  346-4643 
Email:  richmond@oregon 
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James  Roberto  1996 
Solid  State  Division 
P.O.  Box  2008 

Cak  Ridge  National  Laboratory 

Building  3025 

Oakridge,  TN  37831-6024 

(615)574-6151 

Fax:  (615)574-0323 

Email:  robertojb@oml.gov 

John  J.  Rush  1995 

National  Institute  of  Standards  and  Technology 
Division  856 

Materials  Science  and  Engineering 
Laboratory,  Bldg.  235 
Gaithersburg,  MD  20899 
(301)975-6231 
Fax:  (301)921-9847 

Bruce  A.  Scott  1995 
T.J.  Watson  Research  Center 
IBM  Corporation 
P.O.  Box  218 

Yorktown  Heights,  NY  10598 
(914)945-1802 
Fax:  (914)945-2141 
Email:  scottba@ibm.com 

NAS  Charles  V.  Shank  1995 
NAE  Director 

Lawrence  Berkeley  Laboratory 
l  Cyclotron  Road 
Building  50A-4133 
Berkeley,  CA  94720 
(510)  486-5111 
Fax:  (510)486-6720 
Email:  cvshank@lbl.gov 

NAS  Richard  S.  Stein  1994 
NAE  Polymer  Research  Institute 

Lederle  Graduate  Research  Center  701 
University  of  Massachusetts 
Amherst,  MA  01003 
(413)  545-4825  or  3 109 
Home:  (413)  549-0245  or  4076 
Fax:  (413)545-0082 
Email:  stein@umaecs 


NAE  Sheldon  M.  Wiederhom  1995 

National  Institute  of  Standards  and  Technology 

Building  223,  Room  B309 

Gaithersburg,  MD  20899 

(301)975-5772 

Fax:  (301)926-8349 

NRC  Staff 

Donald  C.  Shapero,  Staff  Director 
Email:  dshapero@nas 

Ronald  Taylor,  Senior  Program  Officer 
Email:  rtaylorl@nas 

Board  on  Physics  and  Astronomy 
2101  Constitution  Avenue 
Washington,  D.C.  20418 
(202)  334-3520 
Fax:  (202)334-2791 
Email:  bpa@nas.edu 
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Forum 
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NAE 

IOM 


The  Advanced  Materials  and  Processing  Program 
and  the  Restructuring  of  Materials  Science  and 

Technology  in  the  United  States: 
From  Research  to  Manufacturing 


Jointly  Sponsored  by  the  Solid  State  Sciences  Committee,  the 

National  Materials  Advisory  Board,  and  the 
Washington  Materials  Forum* 


*  The  Washington  Materials  Forum  (WMF),  organized  in  1991,  is  a  consortium  of  professional  societies  with 
an  interest  in  materials  science  and  technology.  The  WMF  consists  of  the  Materials  Research  Society; 
American  Physical  Society;  American  Chemical  Society;  American  Ceramics  Society;  American  Vacuum 
Society;  ASM  International;  The  Metals,  Mining,  and  Materials  Society;  Society  of  Photo-Optical 
Instrumentation  Engineers;  Society  for  Hybrid  Microelectronics;  Mineralogical  Society  of  America;  Federation 
of  Materials  Societies;  the  Electrochemical  Society,  Inc.;  American  Institute  of  Chemical  Endgineers;  and  the 

American  Society  of  Mechanical  Engineers. 


1993  Solid  State  Sciences  Committee  Forum 

The  Advanced  Materials  and  Processing  Program  and  the  Restructuring  of 
Materials  Science  and  Technology  in  the  United  States 

National  Academy  of  Sciences  Auditorium 
May  4, 1993 

_ Session  I:  Welcome  and  Keynote  Address 

0830  Welcome  and  Introduction  Robert  M.  White,  Vice  Chair,  NRC 

Jim  Williams,  Chair,  NMAB  and  David 
Litster,  Chair,  SSSC 

0845  Keynote  Address  Senator  Jeff  Bingaman  (D,  New  Mexico) 

(Topic:  New  Forms  of  Cooperation  and 
Impact  on  Competitiveness) 

0915  Questions  from  the  audience 

Session  II:  Perspective  on  the  Interagency  Advanced  Materials  and  Processing 
_ Program  ( AMPP)  from  the  Federal  Agencies  _ 

0930  Advanced  Materials  and  Processing:  Lyle  Schwartz,  Director,  Materials  Science  & 

The  Federal  Program  in  Materials  Engineering  Laboratory,  NIST,  and 

Science  and  Technology  Chair,  COMAT 

1000  National  Science  Foundation  William  Harris,  Asst.  Director  for 

Mathematical  and  Physical  Sciences 
1030  Department  of  Energy  Will  Happer,  Director,  Office  of  Energy 

Research 

1100  Advanced  Research  Projects  Agency  Gary  Denman,  Director 

1130  National  Aeronautics  and  Space  Daniel  Goldin,  Administrator 

Administration 

1200  Panel  Discussion  Above  plus  Bill  Appleton,  Praveen 

Chaudhari,  Henry  Ehrenreich,  Merton 
Flemings,  Bob  Laudise,  David  Litster"*"*", 
John  Poate,  Jim  Williams'*"*" 

[++=Coc  hairs  of  Panel] 

1230  Questions  from  the  audience 
1300  LUNCH 

Session  III:  Integration  of  Science,  Engineering,  and  Societal  Needs  in  Materials 

1430  National  Laboratories:  Their  Role  in  A1  Narath,  Sandia  National  Laboratories 
US  Economic  Security 

1515  Government  Technology  Policy:  What  .  Donald  E.  Kash,  George  Mason  University 
Should  It  Do? 

1545  BREAK 

1600  Role  of  Consortia  in  US  Industrial  Craig  Fields,  MCC 
Competitiveness 

1630  Discussion  and  Closing  Remarks  Jim  Williams,  David  Litster 

1700  RECEPTION 
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National  Academy  of  Sciences  Auditorium 


May  5, 1993 

Session  IV:  Challenges  for  Materials  in  the  21st  Century 

0845 

Welcome  and  Introduction 

Jim  Williams,  Chair,  NMAB;  David  Litster, 
Chair,  SSSC;  John  Poate,  WMF 

0900 

Motorola:  Cooperative  Efforts  in 
Microelectronics  in  the  US 

Tommy  George,  Motorola 

0930 

IBM:  The  Technology  Value  Chain: 
Evolution  and  Implications 

Jim  McGroddy,  IBM 

1000 

AT&T  Bell  Laboratories:  The  Changing 
Role  of  Industrial  Research 

William  Brinkman,  AT&T 

1030 

BREAK 

1100 

Boeing:  Engineering  Needs  in 

Structural  Materials 

Don  Lovell,  Boeing 

1130 

General  Electric:  High-Strength  Light- 
Weight  Materials  for 

Jim  Williams,  GE 

T  ransportation 

1200 

Hewlett  Packard:  Emerging 
Technologies  in  the  US 
Optoelectronics  Industry 

Roland  Haitz,  Hewlett-Packard 

1230 

LUNCH 

Session  V:  Challenges  for  Materials  in  the  21st  Century  (Continued) 

1400 

Technology  Transfer  Activities  in 

Panel:  Bill  Appleton,  ORNL;  Dan  Arvizu, 

Government  Laboratories 

Sandia;  Roger  Lewis,  DOE 

1445 

The  Changing  Climate  for 

Precompetitive  R&D  Collaboration 

John  P.  McTague,  Ford  Motor  Co. 

1515 

BREAK 

1530 

University  Research  in  Tomorrow's 

Venkatesh  N  ar  ay  anamurti,  UC  Santa 

Environment 

Barbara 

1600 

Engineering  Education  in  the  21st 
Century 

Raymond  Orbach,  UC  Riverside 

1630 

Discussion  and  Closing  Remarks 

Jim  Williams,  David  Litster,  and  John  Poate 

1700 

ADJOURN 
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dress  this  issue  wtahin  s  broader  ooraext.  The 
OomsKsnon  a  now  planning  a  meeting  of 
some  40  policy  makers  and  researchers  to  be 
held  in  Auguct  in  the  Washington  area  to 
diicuaa  the  times  and  to  formulate  plana  to 
extend  the  dialog  more  widely  Theaeptans 
were  diacuaaed  during  a  joint  meeting  of  the 
BP  A  and  the  Board  on  Mathematical  Sri* 


Board  Meets 

(continued  from  Page  1 ) 

ported  ona  program  initiation  meeting  that  he 
chaired  on  optical  sciences  and  engineering 
that  was  held  at  the  Academies’  Bedanan 
Censer  on  the  campus  of  the  University  of 
California  at  Irvine.  A  proposal  for  a  mfeor 
teudy  of  this  field  emerged  from  that  meeting. 
A  ftall  report  efthe  meeting  appeamn  another 
ankle  in  this  tout  of  BP  A  News. 

The  January  issue  of  BP  A  News  reported 
on  bearings  on  the  changing  environment  for 
teaeasch  in  physics  and  astronomy  that  the 
Board  held  Ian  October.  Those  diacuanooe 
led  the  Board  to  propose  to  its  patent  Commis- 
non  oa  Physical  Sciences,  Mathematics,  and 
Applications  a  convocation  that  would  ad- 


1993  Solid  State  Sciences  Committee  Forum. 
Keynote  Address 

New  Forms  of  Cooperation  and  impact  on  Competitiveness 
by  Sen.  Jeff  Bingaman 

What  I  would  like  to  do  this  morning  is,  ing  dev.  (1)  duai-uae  technologies  don 
first,  describe  the  evolution  of  technology  rated  the  list;  (2)commcrcial  applications! 
policy  aver  the  pest  half  down  yean,  and  defame  applications  in  thorn  areas;  and  ( 
second,  outline  the  challenges  of  the  oonnng  the  U  S.  waa  no  longer  dormrant,  with  Jap 
yean  in  implementing  and  building  on  gov-  ahead  on  6  of  22  technologies, 
eminent-industry  partnership  programs  put  From  an  economic  perspective,  it  w 
in  place  over  the  last  few  years.  ckar  that  every  advanoed  industrialized  n 


The  open  session  of  the  Board  meeting 
doaed  with  a  presentation  entitled  “Frontiers 
of  Ophal  Science  and  Engineering:  Com- 
■uaiHoM.  Displays,  and  Storage"  from 
Richard  Shatter  of  AT&T  Bell  Laboratory* 
Dr.  Shatter  is  a  member  of  the  Committee  on 
Atomic,  Molecular,  and  Optical  Saenoes  and 
was  a  participant  in  the  program  initiation 
meeting  on  optical  science  and  engineering.! 
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Evolution  of  a  Technology  Policy 

For  several  decades  afro  World  WarQ,  the 
DepartmentofDefense was  ctarty  the world’s 
dominant  customer  for  advanced  technolo¬ 
gies  ranging  from  computers  to  aircraft.  This 
was  no  longer  true,  and  for  the  first  tune  in  50 
years  foreign  dependence  was  emerging  as  a 
potential  national  security  threat. 

Technology  had  gone  global.  If  we  were  to 
maintain  technological  superiority  inourvreep- 
ons  systems,  DOD  had  to  begin  adjusting  to 
the  new  realities  of  worldwide  technology 
development  This  appeared  to  be  particularly 
true  with  regard  to  technologies  with  commer¬ 
cial  applications. 

Interest  in  the  impact  of  these  trends  and 
DOD’s  efforts  to  adjust  to  them  led  me  to 
develop  a  statutory  requirement  for  an  annual 
Defense  Critical  Technologies  Plan. 
Prioritization  of  defense  RAD  seemed  to  be 
the  first  logical  step  in  developing  a  new 
approach.  In  1989 we  received  the  first  annual 
plan,  which  identified  22  critical  technologies 
for  the  Department  The  trends  were  becom¬ 


ing  dev.  (1)  dual-uae  technologies  domi¬ 
nated  die  list;  (2)commadal  applications  led 
defense  applications  in  those  areas;  and  (3) 
the  U  S.  was  no  longer  dominant  with  Japan 
ahead  on  6  of  22  technologies. 

From  an  economic  perspective,  it  was 
dew  that  every  advanoed  industrialized  na¬ 
tion  was  making  a  commitment  to  technology 
development  not  fcr  national  security  reasons 
but  beomse  they  ssw  it  as  central  to  economic 
growth.  Even  more  so  totky  than  six  years 
ago,  global  competition  prevents  any  one 
oountry  from  dominating  all  technologies  of 
economic  or  military  spificanoe.  But  it  is 
crucial  that  we  maintain  a  strong  technology 
base  in  tins  country  end  seek  to  ensure  that 
U.S  -besed  firms areamong  the  global  leaden 
in  the  highest-ieverage  technologies  and  in¬ 
dustries, 

Fromadefenee  perspective,  we  need  to  do 
so  amply  to  stay  abreast  of  rapid  technologi¬ 
cal  developments  which  could  result  in  un¬ 
foreseeable  future  threats  to  our  country. 
Technology  is  the  currency  of  nauonaJ  power, 
and  we  need  to  constantly  replenish  our  stock 
of  this  currency  to  ensure  the  qualitative 
superiority  of  our  weaponry. 

At  that  time,  we  smv  that  economic  secu¬ 
rity  and  national  security  were  rapidly  con- 
verging,  and  it  K*"*  very  dear  that  the 
rvfa>ffrv»iMini. nt’s  efforts  to  nurture  criii. 


cal  technoiogiet  needed  to  be  integrated  into 
a  broader  national  effort.  What  followed  over 
the  next  five  yean  was  a  series  of  efforts, 
which  I  am  sure  mxt  of  you  are  familiar  with, 
aimed  at  the  development  of  a  national  tech¬ 
nology  policy 

These  efforts  were  characterized  by: 

1.  Fostering  government-industry  part¬ 
nerships  in  DOD  and  the  Department  of 
Energy  laboratories  in  dual-use  critical  tech¬ 
nologies  where  U  S  imhistry  could  both  con¬ 
tribute  to  defense  nee and  benefit  from 
federal  investments, 

2.  Developing  national  policies  and  insu- 


policy — are  part  of  a  long-term,  fundamental 
shift  in  federal  technology  policy ,  one  that  will 
profoundly  change  the  way  the  federal  gov¬ 
ernment  oursues  research  and  development 
Ench  3'jch  has  referred  to  these  changes  as 
3  ,  j/adigm  shift.  "  in  reference  to  Thomas 
uthn's  description  of  how  scientific  theories 
evolve  through  the  slow  accumulation  of  data 
followed  by  a  rapid  shift  in  the  ground  rules. 
In  my  view  this  is  an  apt  analogy.  The  ground 
rules  shifted  rather  abruptly  with  the  end  of  the 
Cold  War.  and  we  will  be  figuring  out  how  to 
operate  under  the  new  paradigm  for  some 
yean  to  come. 


Task  Group  on  AXAF 
Releases  Report: 

SCIENTIFIC  ASSESSMENT  OF 
THE  RESTRUCTURED 
PROGRAM  FOR  THE 
ADVANCED  X-RAY 
ASTROPHYSICS  FACILITY 
(AXAF) 

The  following  report  was  prepared  by  a 
task  group  chaired  by  Arthur  Davidaen  of 
Johns  Hopkins  Unnemty 


hition  toward  critical 
technologies  through 
the  creation  of  s  (1) 

National  Critical 
Technologies  Panel 
chaired  by  the  White 
Home  Science  Advi¬ 
sor.  (2)  a  requirement 
that  theFederal  Coor¬ 
dinating  Council  on 
Science,  Engineering, 
and  Technology  de¬ 
velop  strategic  plans 
in  eachof  the  national 
critical  technologies, 
just  as  it  had  done  in 
the  High-Perfor¬ 
mance  Computing  Initiative  championed  by 
then-Scnator  Gore;  and  (3)  establishment  of  a 
Critical  Technologies  Institute  to  assist  the 
Science  Advisor  in  both  efforts. 

The  Advanced  Materials  and  Processing 

Initiative  being  discussed  today  isone  result  of 
these  requirements. 

I  cannot  tell  you  Uiat  these  efforts  have  aQ 
been  neatly  coordinated  and  smoothly  built 
one  on  the  other.  For  those  who  followed 
technology  policy  formulation  hnWmhmg- 
ton,  u  must  have  appeared  that  wnarose  taking 
one  step  back  for  every  two  tmpa  forward, 
particularly  during  the  ideokgialpidkKk  of 
the  last  few  years.  But  a  general  consensus 
began  to  emerge,  and  Congnrai ratal  efforts 
culminated  laWyera  in  a  broad-baaed  Defense 
Reinvestment  snd  Conversion  initiative.  The 
Gineoo-Gotecampaigi  was  reaching  similar 
cooduaont,  w  outlined  in  their  position  pa¬ 
pers  from  lam  fell,  and  their  efforts  began  in 
earnest  in  February  with  the  release  of  the 
administration’s  technology  policy. 

Them  initiative*— the  defense  reinvest¬ 
ment  pmfcage  and  the  Clinton  technology 


The  Challenge 
We  need  to  fig¬ 
ure  out  how  goven- 
ment  and  indintiy 
can  cooperate  for 
competitive  gam.  It 
is  obvious  to  me  that 
we  need  a  strategy 
for  creating  high- 
wage  jobs  and  tech¬ 
nological  leadership 
for  the  country  in  the 
future,  and  coopera¬ 
tion  will  be  a  mapr 
part  of  that  strategy. 
The  imperative  to 
focus  oo  this  today 
is  economic,  but  in  the  long  run  it  is  also 
required  by  our  national  security  needs. 

The  mix  offirms  and  industries  thK  make 
up  our  industrial  base  is  constantly  in  flux.  We 
see  the  so-called  downsizing"  of  many  of 
our  best  known  corporate  giants  (General 
Motors.  IBM.  the  Bell  Companies  and  many 
others).  We  also  see  new  firms  and  entire 
industries  emerging  and  providing  high-wage 
employment  both  here  and  oversew  in  the 
senacoothictor  and  software  development  in- 
dustnes.  as  wtil  as  in  areas  such  w  advanced 
materials  and  biotechnology. 

The  questions  which  arise  as  we  view  this 
are: 

1.  Win  the  new  mu  cf  jobs  provide  ts  wife 
our  *■*  sfame  of  laghpayingemptoymeagT 

2.  Will  the  new  mix  of  technological  and 
iiKhotrial  capabilities  that  we  have  meet  oar 
long-term  national  security  needs? 

Put  soother  way:  Can  we  have  an  economy 
which  enhances  our  standard  of  living  and 
provide  for  our  future  security  needs  by  coo- 
See  “Sen.  Bingaman  s  Keynote  Address ” 

on  PagelQ 


The  Tafe  Group  oo  AXAF  (TGA),  a  joint 
panel  of  the  Space  Studies  Board  and  the 
Board  an  (tyncs  rad  Astronomy,  found  that 
the  restructured  AXAF  program — camming 
of  AXAF-l,  to  be  bunched  into  s  higb-Eanh 
orbit  in  199g,  and  AXAF-S,  to  be  launched 
into  a  polar,  low-Earth  orbit  in  1999 — is  hilly 

of  the  former  AXAF  program.  AJthonghthe 
need  to  reduce  ariataamaily  the  tonffcon  of 
the  program  hw  led  to  shorter  mtflfca  life¬ 
time^  fee  expected  iacmaae  in  opemuy  elft- 
cacncy  partly  mataim  ft*  dm  thortM  The 
TGA  onrtriudrs  thw  the  revimd  AXAF  pro¬ 
gram  craninnsi  to  meet  the  scientific  expecta- 
bons  set  forth  in  pscviousNRC  reports,  which 
have  rernmmrsidad  AXAF  w  the  highest- 
prionty.  new,  forge  scale  program  in  as¬ 
tronomy. 

Thus  the.  TGA  urges  NASA  to  proceed 
with  the  impkr^gtaadon  of  the  restructured 
AXAF  program  and  to  make  every  effort  to 
ensure  the  Launch  of  both  AXAF-I  and 
AXAF-S  brdbm  the  end  of  this  decade. 


University.  am  appointed  Chair  of  the  TGA 


See  -AXAF”  on  Page  S 


“Some  are. ~  critical  in¬ 
cluding  such  areas  as  de¬ 
velopment  of  a  national 
information  network  and 
the  need  to  spur  private 
RAD  investments  through 
changes  in  the  tax  laws. 
Sen.  Jeff  Bingaman 
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eartieg  epochs  of  the  univene. 

Sumkriy,  the  broad-band,  nocdrepersrre 
qpeebmoopy  enabled  by  the  development  of 
the  nacro-calon  merer  (the  XRS)  is  mao- 
tuned  in  the  restructured  mission.  AXAF-S 
will  provide  s  combination  of  high  sensitivity 
aeid  high  qrectral  resolution  in  the  important 
energy  region  above  4  keV  that  is  unavailable 
with  any  other  planned  missions.  Incapabili¬ 
ties  for  higb-fesohitxm  spectroscopy  o t  ex¬ 
tended  sources  arc  paniailarty  notable  and 
unique  in  comparison  with  those  of  dfepernve 


The  restructured  AXAF  program  contin¬ 
ues  to  provide  uninafehed  angular  resolution, 
qwctral  resolution,  and  sensitivity  that  wtU 
make  it  the  centerpiece  of  international  eflbra 
in  x-ray  agronomy  for  the  foreseeable  figure. 
When  the  AXAF-I  and  AXAF-S  spacecraft 
are  launched  g  the  end  of  this  decade,  they 
will  provide  unique  capabilities  permuting 
major  advances  in  our  understanding  of  the 
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ences,  Washington,  DC.  1979 

2.Astroooay  Survey  Committee,  As¬ 
tronomy  and  Astrophysics  for  the  1980  s, 
Volume  I.  National  Academy  Press,  Wash¬ 
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and  Adt^pkystcs,  National  Academy  Press, 
Washington,  DC,  1987 

4Tafe  Gnip  on  Agronomy  and  Astro¬ 
physics,  Space  Science  Board.  Space  Science 
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hnuously  creating  high  wage  jobs  in  the  pro- 


noiogy  and  new  products? 

One  way  to  look  at  the  challenge  is  to 
identifr  some  ofthe  hey  toots  in  developing 
a  national  technology  infrastructure  which 
will  sugain  our  ability  tocompele  in  the  global 
market 

National  Technology  Iafrastractare 


technology  infrastructure  are: 


3.  A  Network  ctf  National  Laboratories 

4.  Setting  Technical  Staadodi 


6.  Technology  and  Trade  Policy  Cootdma- 


I.  Technological  and  Engineering 
Education 

There  are  several  aspects  of  education  that 
I  would  like  to  address.  Fast,  education  for 
—id  ffaouldbe  tt 

devdopin*  fbtttrc  icchflolppci  In  the  last 
couple  of  yean,  we  have  been  developing  a 
cnamdhctxmng  engineering  ***wi«ii  pro¬ 
gram.  This  program  is  an  effort  within  the 


Defense  Department  to  provide  matching 
grants  to  colleges  and  universities  to  support 
and  devefop  programs  in  manufoctunng  engi¬ 
neering.  Increased  support  for  university 
programs  was  a  recommendation  in  the  OTA 
report  on  the  state  of  US  manufacturing 
“Making  Things  Better". 

S25  million  was  authorized  and  appropri¬ 
ated  for  this  program  in  FY92  and  FY93. 
None  of  the  1992  funds  were  expended  be¬ 
cause  of  a  lack  of  Bush  Admimstxstioo  sup¬ 
port  for  the  program.  We  expect  a  solicitation 
to  be  released  from  ARPA  in  Much,  along 
with  solicitations  for  other  programs  included 
in  the  defense  conversion  package  appnwed 
lag  year 

Secondly,  education  is  needed  for  the 
skilled  technidanswquired  to  insureourmanu- 
factoring  strength.  S3  million  was  appropri¬ 
ated  for  FY93  for  the  Manufacturing  Experts 
in  the  Classroom  program,  which  is  primarily 
aimed  at  two-year  col  lego  and  vocational 
education  institutes.  This  program  would 
help  to  bring  experienced  manufacturing  per¬ 
sonnel  into  the  dassroom  to  better  tie  techni¬ 
cian  training  programs  to  industry  needs. 

Thirdly,  we  need  to  prornoie  general  tech¬ 
nological  literacy  for  the  population. 

2.  Government-Industry  Partnerships 

Policies  in  this  area  should  depend  heavily 


igx»  industry  initiatives,  should  focus  on  the 

nnmmmi«liT«hn«i  q£  pfQifclCtS,  and  Should 

help  to  facilitate  the  integration  of  defense  and 
non-defense  firms.  Partnerships  designed  to 
accomplish  there  goals  are  the  oentral  feature 
of  the  defense  ranvegment  and  converson 
package  passed  as  part  of  the  FY93  Defense 
bill 

The  package  included  S305  million  for 
gorenuneut-iadugry  partnerships  in  critical ; 
technologies,  including  S30  million  for  part¬ 
nerships  in  materials  synthesis  and  process¬ 
ing,  as  well  as  S200  million  for  federal -state 
partnerships  in  manufacturing  and  technol¬ 
ogy  exaenaion. 

A  amyjr  challenge  for  this  year  is  effec¬ 
tively  unpicmenting  these  efforts  ARPA  and 
the  Interagency  Technology  Reinvestment 
Project  organized  to  implement  the  partner¬ 
ship  programs  are  to  be  commended  for  then 
efforts  thus  for.  The  process  they  have  devel¬ 
oped  serves  as  a  model  for  interagency  tech¬ 
nology  cooperation. 

I  will  be  the  fit*  to  say  that  we  do  not  know 
if  industry  win  be  interested  in  all  of  there 
programs.  The  political  situation  lag  year 
sooicwhflt  pfociueftod  s  more  bottom-up  apH 
pronch.  and  we  hope  to  learn  enough  from  the 
implementation  process,  and  industry  input 
at  that  process  goes  forward,  to  make  any 


I  ' 
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changes  that  might  be  needed.  In  my  view  the 
importance  of  the  Technology  Reinvestment 
Policy  lies  in  the  lessons  we  will  team  as  we 
figure  out  how  to  operate  effectively  under  the 
new  paradigm. 

Industry  has  a  large  role  to  play.  The  key 
to  partnerships  is  industry  input,  and  the 
materials  industry,  as  a  pervasive  supplier 
rather  than  a  high-profile,  finished  product 
industry,  has  a  more  difficult  challenge  than 
many  other  sectors  in  getting  federal  atten¬ 
tion.  What  is  needed  is  a  consensus  position 
that  the  varied  materials  companies  in  the 
U.S.  can  advocate  to  Congress  and  the  Ad¬ 
ministration.  SACMA  and  US  AC  A  recently 
took  a  strong  step  in  that  direction  with  the 
release  of  thar  joint  agenda  This  effort  needs 
to  be  expanded  to  include  other  materials 
organizations  to  the  extent  possible. 

More  needs  to  be  done  in  the  technology 
aresaswdl.  Materials  road  maps  need  to  be 
developed  to  help  guide  federal  materials 
RAD  and  the  Advanced  Materials  Processing 
effort  within  FCCSET  in  particular.  The 
Semiconductor  Industry  Association  15-year 
road  map  is  a  model  for  the  type  of  industry 
efforts  required  to  truly  bring  the  federal 
research  establishment  into  partnership  with 
industry. 

3.  Integrating  the  National  Laboratories 

The  Department  of  Energy  and  Depart¬ 
ment  ofDefcnse  laboratory  systems  are  unique 
research  resources  that  need  to  be  integrated 
into  a  national  technology  infrastructure.  In 
facilities,  equipment,  and  personnel,  these 
laboratories  have  unparalleled  capabilities. 
These  capabilities  developed  out  of  national 
security  needs  that  are  not  as  pressingtoday  as 
they  were  during  their  buildup.  However, 
many  of  the  concerns  that  led  totejdrvrlop- 
merit  oflaboratory  facilities  will  reman  in  tie 
future.  Just  as  special  efforts  wiffts  required 
to  maintain  a  robust  defense  ind—M  base, 
special  efforts  must  also  be  made  to  maintain 
the  facilities  and  people*  the  core  of  the  DOD 
and  DOE  research  base. 

Thequesuonisbow  to  sustain  these  criti¬ 
cal  research  capabilities  with  a  declining  de¬ 
fense  budget.  In  my  view,  the  labs  need  to  be 
integrated  into  a  national  technology  infra¬ 
structure  that  serves  the  national  technology 
base.  In  my  view,  this  would  involve  the 
establishment  of  rational  user  facilities  and 
psk*  centers,  and  broad,  generic  cooperative 


agreements  with  particular  sectors  in  addition 
to  the  CRADA  activity  they  are  currently 
involved  la 

The  DOE  laboratories  have  a  wide  range 
of  unique  facilities,  equipment,  and  expertise 
in  the  area  of  advanced  materials,  and  our 
challenge  is  to  make  that  expertise  available  to 
U.S.  industry  to  support  competitiveness. 
Again,  industry  has  a  large  role  to  play  in  this 
effort,  and  agaia  the  SI  A  semiconductor  road 
map  serves  as  a  model.  SI  A  has  taken  its  road 
map  to  the  DOE  laboratories  and  asked  how 
the  labs  could  help.  Working  together,  the 
DOE  labs  and  the  SLA  have  identified  some 
areas  of  emphasis  for  the  labs  and  have  begun 
to  flesh  out  cooperative  research  programs.  A 
similar  effort  within  the  materials  industry 
would  be  very  beneficial. 

4.  Setting  Technical  Standards 

A  fourth  issue  we  face  is  the  development 
of  aneffective  and  timely  mechanism  to  define 
technical  standards  so  that  products  may  be 
readily  commercialized  and  used 

In  the  advanced  materials  industry  in 
particular  there  is  a  great  need  for  timely 
standards  development  As  the  largest  buyer 
of  advanced  materials,  the  Defense  Depart¬ 
ment  has  in  the  past  set  de  facto  standards 
through  its  purchases.  As  the  defense  budget 
declines  and  commercial  applications  of  ad¬ 
vanced  materials  increase.  DOD  can  no  longer 
(day  this  role. 

The  government  needs  to  help  fill  that 
vacuum,  but  not  through  a  government  stan¬ 
dard  setting  effort— the  result  would  be  too 
slow  and  too  limited  to  be  effective.  The 
government  needs  to  provide  support  to  in¬ 
dustry  in  the  form  of  a  standards  infrastructure 
that  facilitates  the  setting  of  industry-devel¬ 
oped  standards  in  an  agile  environment  in  a 
way  that  can  speed  the  application  of  new 
materials  in  the  market 

5.  Foreign  Technology  Monitoring 

We  need  to  help  industry  in  defining  whte 
government  can  do  to  monitor  technolofical 
development  m  other  countries.  One  way  we 
have  tried  to  address  this  is  through  the 
U.  S.-Japan  Management  Training  Program, 
an  initiative  that  provides  grants  to  colleges 
and  universities  to  develop  programs  that 
teach  Japanese  language,  culture,  and  busi¬ 
ness  practices  to  scientists,  engineers,  and 
managers.  This  initiative  is  modeled  after  the 


MIT-Japan  program,  which  for  many  years 
was  the  only  effort  of  this  kind  un  the  U  S 
There  are  now  right  university  programs 
receiving  funding  under  these  programs. 

We  need  to  do  a  much  better  job  ofleam- 
ing  from  others  in  all  areas  of  technology 
development.  A  better  integrated  government- 
supported  information  services  for  industry 
and  government  would  address  that  need. 

6.  Enforcement  of  Trade  Provisions 

We  need  to  look  at  enforcement  of  our 
trade  laws  so  as  to  insure  that  there  are 
adequate  and  equal  incentives  for  job  creation 
here  in  the  United  States.  The  Motorola 
philosophy  has  been  that  the  company  needs 
to  compete  in  Japan  if  it  is  to  be  competitive  in 
the  United  Stales.  If  vre  cede  the  Japanese 
market  to  Japanese  companies,  those  compa¬ 
nies  wi  II  everauaOy  compete  here,  and  the  lack 
of  competition  in  their  home  base  will  be  used 
to  its  full  advantage. 

This  philosophy  has  been  proven  true 
mny  times  in  many  sectors,  most  ofk4  to  the 
detriment  of  our  country.  In  my  view  the 
federal  government  needs  to  recognize  this 
feet  up  front  and  do  e  better  job  of  supporting 
industry  efforts  to  break  into  foreign  markets 
in  high-tech  areas. 

Concluding  Remarks 

There  ate  obviously  a  great  number  of 
other  rimes  we  mot  address  in  adjusting  to 
the  paradigm  daft.  Some  are  jost  a  critical  as 
the  ones  1  have  mentioned,  including  such 
areas  as  development  of  a  national  informa¬ 
tion  network  and  the  need  to  gw  pnvaie  RAD 
investments  through  changes  in  the  tax  laws. 

Ultimately  the  U.S.  standard  oflmng  and 
our  technological  sad  inrhotrial  strength  will 
be  determined  by  the  mocem  of  private  firms 

sunrially  promoted  or  reteidedby  the  policies 
vre  adopt  iagaretaerem. 


The  job  ef  Mpring  aod  refining  them 


The  2Jmcemmy  writ  demand  no  less 
Milnriii  alimitfflhee  we  nilUlmli  xMbitnd 
by  am  oampedtem  The  job  is  to  bring 
govenunem  sad  indnmy  together  into  a  part- 
nenfaip  that  can  mcmdngftiDy  address  the 
chaUeapaftmriamtavmduririalstrengthJI 


